Amylase is one of the important digestive enzymes involved in hydrolysis of starch. In this paper, we describe a novel approach to study the interaction of amylase enzyme with gold nanoparticles (AuNPs) and silver nanoparticles (AgNPs) and checked its catalytic function. AuNPs are synthesized using citrate reduction method and AgNPs were synthesized using biological route employing Ficus benghalensis and Ficus religiosa leaf extract as a reducing and stabilizing agent to reduce silver nitrate to silver atoms. A modulatory effect of nanoparticles on amylase activity was observed. Gold nanoparticles are excellent biocompatible surfaces for the immobilization of enzymes. Immobilized amylase showed 1-to 2-fold increase of activity compared to free enzyme. The biocatalytic activity of amylase in the bioconjugate was marginally enhanced relative to the free enzyme in solution. The bioconjugate material also showed significantly enhanced pH and temperature stability. The results indicate that the present study paves way for the modulator degradation of starch by the enzyme with AuNPs and biogenic AgNPs, which is a promising application in the medical and food industry.
Introduction
Nanoparticles are defined as particulate dispersions with a size in the range of 10-100 nm [1] . The nanostructures have also a great potential in biotechnological processes taking into account that each may be used as carriers for enzymes during different biocatalytic transformations [2] . Different types of biomolecules such as proteins, enzymes, antibodies, and anticancer agents can be immobilized on these nanoparticles.
Interaction of metal nanoparticles with biomolecules has received much attention in the recent years for the development of diagnostics, for sensors, and for targeted drug delivery. Further, nanoparticles also have promising medical applications for wound healing, diagnostics, biosensing, and drug delivery [3] [4] [5] [6] . Increased activity of glucose oxidase was noticed when immobilized onto AgNPs [7] . AgNPs, a potential nanocatalyst for the rapid degradation of starch hydrolysis by -amylase, were studied by researchers [8] . The functionlised AuNPs have been extensively used for the detection of various enzymes and also for measurement of their activity [9] [10] [11] . For example, chemical or electrostatic attachment of enzymes to functionlised AuNPs may alter the catalytic properties either by increasing or by decreasing the affinity for enzyme-substrate formation [12] [13] [14] ; enhancing its stability [12, 13] ; enhancing the rate of product formation (although significant report in this regard is still lacking) [12, 13] or retention [15] ; and even having some loss of activity of the enzyme [16] . Similarly, interaction with AuNPs has been found to enhance the stability of peptides [17] . Their unique property arises specifically from higher surface to volume ratio and increased percentage of atoms at the grain boundaries. They represent an important class of materials in the development of novel devices that can be used in various physical, biological, biomedical, and pharmaceutical applications [18] [19] [20] . Nanotechnology has a wide application in pest management as nanocapsules for herbicide delivery, vector/pest control, and nanosensors for pest detection [21] . Synthesized silver or gold nanoparticles also help to produce new insecticides and insect repellants.
AuNPs and biointeractions studies are now widely accepted as protein corona rapidly forms on AuNPs surfaces when introduced into a biological medium [22] . The adsorption of proteins to the surface of the AuNPs can significantly change the surface charge of the AuNPs, which has important consequences for nanoparticle fate and transport in biological systems. Therefore, the composition of the protein corona largely defines the biological identity of the nanoparticle. In addition, because of their extremely large surface area to volume ratios, a significant number of proteins can be adsorbed and "trapped" on AuNPs surfaces when they are introduced into biological entities [22] [23] [24] [25] [26] [27] . Gold nanoparticles present an alternate and advantageous synthetic scaffold for targeting protein surfaces [28] and have been demonstrated to bind biomacromolecules, [29] facilitate DNA transfection [30] , and reversibly inhibit enzymes [31] . The binding of albumin protein on the surfaces of silver and gold nanoparticles has been studied for surface adhesion by researchers to understand the effect on its structural changes [32, 33] . Biointeraction studies with AgNPs and protein and its SPR effect, surface charge effect was studied for various applications in biological sciences by various researchers [34, 35] .
Enzymes are biological catalysts that speed up reactions in the presence or absence of cofactors without any change in their activity. -Amylase is one of the chief digestive enzymes present in all living organisms and amylases in saliva/the pancreas of animals break down the long-chain polysaccharide starch into maltose and glucose. Amylases are the most important in food industry and medicinal applications.
So in this study, we used silver and gold nanoparticles for the interaction and catalytic action of -amylase. The present study aims to investigate enzyme-catalyzed starch hydrolysis in the presence of AuNPs and green AgNPs. This forms a basis for nanoparticle-bimolecular interaction that may be potentially applied in the medical and food industry. Thus, we report here the modulation of enzymatic activity in the presence of AuNPs and AgNPs. Absorbance, fluorescence spectroscopic measurements, and other chemical tests were done to establish that the enzymes were attached to the NPs.
Materials and Methods

Chemicals and
Reagents. -Amylase (ex-porcine extrapure), soluble starch, AgNO 3 , HAuCl 4 , and ammonium molybdate purchased from Himedia, Bangalore, India, and all other chemicals used were of high purity and analytical grade. For all the experiments, ultrafiltered Milli-Q water (Millipore, USA) was used.
Synthesis of Gold Nanoparticles.
Gold nanoparticles of 10-20 nm diameter were prepared by the citrate reduction route [36] . Briefly the method involves reducing 5 × 10 −4 M Au +3 by 1.2 × 10 −3 M citrate in water by refluxing for 30 min. The cluster solution was red wine for gold [37] .
Biosynthesis of Silver Nanoparticles.
Biosynthesis of silver nanoparticles is according to our previous report [38] . The Ficus benghalensis (FB) and Ficus religiosa (FR) leaf extracts are used for synthesis of silver nanoparticles. Fresh, healthy, and green leaves from FR and FB plants were collected from the Gulbarga University campus, Gulbarga, India. In this experiment, 5 mL of leaf extract was added to 95 mL of a 10 −3 M aqueous AgNO 3 (silver nitrate) solution and exposed for 3 min in microwave oven. Periodically aliquots of the reaction solution were removed and subjected to UV-Vis spectroscopy measurements for surface Plasmon resonance study of AgNPs synthesis. Controls containing leaf extract (without silver nitrate) as positive controls and pure silver nitrate solution (without leaf extract) as negative controls were also run simultaneously along with the experimental flask in three replicates.
UV-Visible Spectral Studies.
The measurement of maximum absorbance peak of AuNPs and AgNPs was carried out using U-3010 spectrophotometer. UV-visible absorbance spectrum was measured between 200 and 800 nm in 1 cm quartz cuvette containing 2 mL of nanoparticle solution at room temperature. Interactions of silver and gold nanoparticles with amylase were measured spectrophotometrically. UV-visible absorbance spectrum was measured between 200 and 800 nm in 1 cm quartz cuvette containing protein (50 g/mL) in 50 mM Tris-HCl buffer, with pH 7.4 at room temperature. Amylase in Tris-HCl buffer is titrated with increasing concentrations (0, 5, 10, 20, 30, and 50 L) of silver and gold nanoparticles.
Tryptophan Fluorescence Emission Spectra.
The interaction of binding of silver and gold nanoparticles to pure -amylase was determined by Trp fluorescence quenching titrations as described previously [39] . Briefly, amylase (50 g/2 mL) was titrated in 50 mM Tris-HCl buffer, with pH 7.4 with increasing concentrations of silver and gold nanoparticles (0, 5, 10, 20, 30, 40, and 50 L), respectively. However, quenching of Trp fluorescence emission of amylase was monitored at 335 nm following excitation at 280 nm (slit width for both, 5 nm) using Varian spectrofluorometer.
Morphological Studies Using AFM for AgNPs and FESEM
for AuNPs. Samples of silver nanoparticles were synthesized using leaf extracts of FB and FR. Atomic force microscopy (AFM) was prepared by solution casting onto silicon wafers to make thin films. These films were analysed in noncontact mode using a Pacific Nanotechnology Nano-R2 instrument with SiN probes at a scan rate of 0.5 Hz in the air. The morphology of the gold nanoparticles synthesized by citrate reduction method and AuNPs with amylase enzyme was examined using Field Emission Scanning Electron Microscopy (FESEM, FEI Nova nano 600, Netherlands), and for this the images were operated at 15 KV on a 0 ∘ tilt position.
Immobilization of Amylase.
Amylase-silver and gold nanoparticles bioconjugates were prepared according to [40] . Briefly, the AgNPs/AuNPs solution prepared was diluted by a factor of 3 with a glycine buffer (75 mM, pH 8.0). Amylase (mg/mL) was added with stirring to a portion of the diluted solution containing the AgNPs/AuNPs (50 mL; 50 mM glycine buffer, pH 8.0). The solution was equilibrated for 1 h before being centrifuged at 18,000 rpm for 20 min to remove the uncoordinated amylase remaining in solution. The precipitate obtained was subjected to three repeated wash cycles involving rinsing with 50 mM glycine buffer (50 mL) and centrifuging at 18.000 rpm for 20 min. Finally, the AgNPamylase and AuNPs-amylase bioconjugates were suspended in the 50 mM glycine buffer, with pH 8 (5 mL) for further experiments.
Amylase Activity by DNS Method.
The amylase activity was measured in presence of silver and gold nanoparticles as reported earlier [41] . Amylase activity was measured in presence of different concentrations of silver and gold nanoparticles by DNS method. We also assay the effect of nanoparticles on amylase activity with increasing concentrations of starch. Briefly, the activity was estimated by DNS method, enzymeAuNPs bionanoconjugates was added to various test tubes each containing 0, 0.25, 5, 10, 20, 30, 40, and 50 mg mL −1 of starch solution. All of these test tubes were then incubated in a water bath at 37 ∘ C for 20 min. The UV-Vis spectrum was recorded at 570 using a U-3010 spectrophotometer (Tokyo, Japan). The released sugar in the test sample was quantified and the enzyme activity was calculated (expressed in g/mL/min). We also assayed stabilities of the free and immobilized -amylase which was studied according to [42] . All the experiments were performed at least three times.
Results and Discussion
The present study reveals the modulatory effect of AuNPs and biosynthesized AgNPs on enzyme activity during the hydrolysis of starch. The solution turned pale yellow after 2 min, and the colour change confirmed the presence of AgNPs. The organic moiety of soluble leaf extract is assumed to reduce silver nitrate, thus acting as both stabilizing and reducing agent [43] . The Plasmon peak observed at 435 and 440 nm confirmed the presence of AgNPs (Figures 1(a) and 1(b) ). The absorbance peaks that occurred at around 400 nm are the characteristic SPR signature of AgNPs [44] . The HAucl 4 reduced by citrate reduction showing red wine color after 10 min confirmed the formation of gold nanoparticles and the SPR peak is observed at 510 nm (Figure 2 ). The absorbance peak around 526 nm with the peak position remaining practically constant also indicates the production of gold nanoparticles [45] . We observed a faint pink coloration of the solution after several pulses of the experiment. In the solutions absorption spectra, the surface Plasmon peak (around 510-530 nm) could be clearly distinguished which was consistent with the presence of small 3-30 nm particles in the colloid [46] . It was also noted that the resulting AuNPs and AgNPs nanoparticle solutions were found to be stable for more than a month without agglomeration of particles. Atomic force microscopy (AFM) was used to probe the sample's surface morphology and roughness. Figure 3 shows the typical three-dimensional (3D) height image of silver nanoparticles with surface having spherical particles with grains sized between 20 and 75 nm in diameter with mean size of about 35 nm. This magnification is attributed to the convolution of true particle size with that of the AFM tip (the size and shape of the features observed by AFM can be influenced by the effects of tip-sample convolution) and also to the preparation of samples for AFM. Wider scans covering a few micrometers yielded a root mean square (RMS) roughness of 10 nm with a maximum peak-to-valley distance of 65 nm.
To understand the core-shell morphology of the synthesized AuNPs-and AuNPs-amylase bioconjugate FESEM technique was employed. Figure 4 shows the FESEM images of the AuNPs synthesized using citrate reduction method. On careful observation, each individual AuNP is seen as spherical in shape, whereas AuNPs and amylase bioconjugate showed a fine capping on each particle and the same may also be responsible for interparticle binding. It is observed from this image that the nanoparticles are isolated and are surrounded by a layer of organic matrix at some places which acts as capping. Almost all of the AuNPs are spherical in shape and are in the size range of 10-15 nm indicating monodispersity.
The UV-Vis absorbance spectra were recorded from the -amylase solution before (spectrum 1) and after (spectra 2-5) addition of AgNPs of FR ( Figure 5(a) ) and FB ( Figure 5(b) ) silver colloidal solution (0, 5, 10, 20, 30, and 50 L). With the addition of silver nanoparticles, an increase was noticed in absorbance spectra. The blue shift of -amylase (2-8 nm) was seen for both FB and FR nanoparticles, respectively. The results indicate that these silver nanoparticles interacted with amylase and affect its folding changes toward native structure. Similarly gold nanoparticles also interacted with amylase and enhanced the absorbance spectra of amylase with the addition of increasing concentration of AuNPs ( Figure 5(c) ) and a slight conformational change of -amylase with interaction of AuNPs was observed.
Tryptophan fluorescence quenching measurement results showed that AgNPs and AuNPs interacted and bound with high affinity to amylase. The Trp emission spectra were decreased with addition of increasing concentrations of FB and FR nanoparticles (Figures 6(a) and 6(b) ). The Trp fluorescence emission of amylase was quenched almost 30-60% by FR and FB AgNPs, respectively. However, there is no emission shift with addition of AgNPs.
Similarly, the Trp emission spectra were decreased with addition of increasing concentrations of AuNPs (Figure 6(c) ). AuNPs interacted with high affinity with amylase and a small blue shift was observed. The results indicate that AuNPs interacted and bound with amylase with high affinity causing conformational changes of amylase. Earlier, Deka et al. [41] reported that gold nanoparticles interacted with -amylase. Ernest et al. reported that AgNPs enhance amylase activity [8] . We also observed that FR silver nanoparticles stimulate amylase activity at lower concentrations and inhibited it at higher concentration as shown in Figure 7 . Similarly, FB nanoparticles also stimulated amylase activity at lower concentration and inhibited it at higher concentration. Silver nanoparticles demonstrated activator effect on the cholinesterase and monoamine oxidase activities, and these effects increased with increasing concentrations of the nanoparticles [47] . The enzyme was attached to the nanoparticle following the degradation of starch from the composite and not to the reducing sugars although the enzymatic activity was retained [48] . We also found that gold nanoparticles increased amylase activity up to 2-fold. The rate of reaction was found to be increased in the presence of gold nanoparticles (Figure 7(b) ). There is an increase of 2-fold reducing sugar formation suggesting that the gold nanoparticles have a significant role as a nanocatalyst in rapidly degrading the complex polysaccharide starch to reducing sugars, while at higher concentrations of gold particles amylase activity was decreased. Deka et al. [41] also reported similar modulatory effect on amylase where the results have been explained based on a model that considered the presence of enzyme bound to NP and that available for enhanced catalysis, enzyme bound to NP but unavailable due to being buried inside the agglomerate and the free enzyme.
The immobilization of -amylase takes places on the surface of the FR and FB AgNPs or AuNPs. Immobilized amylase activity was increased by 60-90%, (Figure 8(a) ) with FR and FB AgNPs, respectively, when compared to the free enzyme. AgNPs generally have the tendency to agglomerate faster in any biological medium and sediment at the bottom. To our surprise, no such agglomeration was seen during the reaction and thus we confirm that the AgNPs have the chances of being stabilized by the protein molecule through the thiol linkages, and thus the enzyme molecule is immobilized [48] . A well-known fact is that, upon a solid support, the efficiency of the enzyme is increased compared to its free form [49] . This may possibly act as a nanocatalyst in the hydrolysis of starch catalyzed by an amylase. Thus, the reaction rate is increased in the presence of AgNPs although the exact binding mechanism remains to be explored. Similarly, Figure 8 with free enzymes. In our present study, biosynthesized AgNPs and citrate reduced AuNPs upon interaction with -amylase were capable of breaking down the starch complex with the attachment of the enzyme over its surface, thereby being immobilized and degrading starch much faster than when compared to free enzyme. Because the collision frequency between the soluble (free) enzyme, the substrate molecule and their steric orientations form the basis of the enzyme activity and the constraint is overcome by the immobilized enzyme with the support of a solid nanoparticle whereas it does not occur in the case of free starch. Therefore, the reaction velocity is high and the breakdown of starch to smaller molecules as monosaccharides and disaccharides is faster. Amylase activity was increased with increasing concentration of starch in presence of nanoparticles as shown in Figure 9 . It indicates that nanoparticles enhance the basal amylase activity.
Pepsin immobilized on AuNPs surface was more stable when compared with the free enzyme [50] . Similarly we observed that AgNPs and AuNPs were increasing the stability of amylase activity. Free amylase and amylase mixed with AuNPs or AgNPs solutions were kept at room temperature for 5 days and the comparison of the activities was determined every 12 hours. The results showed a slight enzyme activity retained in all tests; this kind of stability increase is time dependent (Figure 10 ). This means that the longer the enzymes are kept at room temperature, the more activity increase can be detected in the sample of amylase mixed with Journal of Nanoparticles 
Conclusion
In summary, biosynthesized AgNPs and AuNPs showed an increased rate of reaction with -amylase. The degradation of starch digestion kinetics in the presence of AgNPs/AuNPs rapidly produced larger amounts of reducing sugars. This study showed that the nanoparticle may have a significant effect in the field of nanocatalysis, promising their potential use in industries for rapid degradation of the complex molecule to simpler ones by immobilizing the enzymes onto the surface of nanoparticles. They could also be possibly used in assay kits as they are less time consuming and for biomedical applications such as drug delivery and sensing.
